Evaluation of AIS-2 (1986) data over hydrothermally altered granitoid rocks of the Singatse Range (Yerington) Nevada and comparison with 1985 AIS-1 data by Lyon, R. J. P.
I (. 
EVALUATION OF A I S - 2  (1986) DATA OVER HYDROTHERMALLY ALTERED GRANITOID 1 ' 
ROCKS OF THE SINGATSE RANGE (YERINGTON) NEVADA AND COMPARISON WITH 1985 
A I S - 1  DATA. 
R.J.P. LYON, Applied E a r t h  S c i e n c e s  Department, S t a n f o r d  U n i v e r s i t y ,  L d 
S t a n f o r d ,  CA 94305, USA . t ;  ' \ I  C t  
ABSTRACT 
The 1986 AIS-2 f l i g h t s  on 29 September 1986 a l o n g  
two s u b p a r a l l e l  l i n e s  ( b e a r i n g  0130) over  t h e  wes tern  
f l a n k s  of the S i n g a t s e  Range, were designed t o  t r a v e r s e  
three major rock assemblages--the Triassic sedimentary 
sequence;  the g r a n i t o i d  r o c k s  o f  the  Yerington 
b a t h o l i t h  (Ann Mason and MacArthur) and t h e  T e r t i a r y  
i g n i m b r i t i c  ash-flow and ash-fall  t u f f s .  Both Ann 
Mason and MacArthur sites are hydro thermal ly  altered t o  
a quartz-sericite-tourmaline mineralogy (Dil les ,  1983; 
P r o f f e t t  and Dil les ,  1984; Einaudi ,  1977). 
The o r i g i n a l  AIS-2 data s e t  showed numerous l i n e -  
d r o p o u t s  and a c o n s i d e r a b l e  number o f  randomly 
d i s t r i b u t e d ,  d a r k  p i x e l s .  A second decommutation o f  
t he  master t a p e  ( a t  NASA/ARC) produced a much be t te r  
p r o d u c t ,  reducing  t h e  dropout  e s s e n t i a l l y  t o  n e a r  z e r o  
and t h e  d a r k  p i x e l s  by about  75%. These were f u r t h e r  
removed by a s p a t i a l l y - a c t i v e  3 x 3 f i l t e r ,  which 
r e p l a c e d  a llbadfl p i x e l  by the  average  o f  i ts eight  
n e i g h b o r s ,  i f  t h a t  p i x e l  d e v i a t e d  from t h i s  l o c a l  
average  by 30 DN. 
Vertical s t r i p i n g  was removed by his togram- 
matching, column by column. F i n a l l y ,  a l l log- res idua l l l  
spectrum was c a l c u l a t e d  which showed t h e  d e p a r t u r e  of  a 
2 x 2 p i x e l  area from t h e  s p a t i a l l y -  and s p e c t r a l l y -  
averaged scene .  
A 1 : l  cor re la t ion  was found w i t h  t he  l o g - r e s i d u a l  
A I S - 2  data and a large open p i t  area of gypsum. An 
area w i t h  known ser ic i te  agreed w i t h  t h e  o v e r f l i g h t  
data,  and an  area known t o  be - free o f  any s i g n i f i c a n t  
amount o f  0-H-bearing m i n e r a l s  showed no ev idence  o f  
any i n  t h e  AIS-2 l o g - r e s i d u a l s .  
INTRODUCTION 
AIS-2 imagery was obta ined  a l o n g  f o u r  a lmost  N-S l i n e s  ( b e a r i n g  013O) 
o v e r  the wes tern  f l a n k  o f  t h e  S i n g a t s e  Range, n e a r  Yer ington ,  
approximately 120 miles SE of Reno, Nevada. Concurrent  35 mm Nikon B/W 
photography was t a k e n  t o  a i d  i n  ground l o c a t i o n ,  w i t h  a i r b o r n e  v i d e o  as an  
a d j u n c t .  
The f o u r  1986 f l i g h t  l i n e s  ( f l i g h t  86-009-09, 29 September 1986) were 
flown between 9,000 f t .  and 12,000 f t .  above ground l e v e l  (2.74 Km t o  
3.66 Km). The 0130 b e a r i n g  f o r  t h e  15 Km l i n e s  was chosen t o  t r a v e r s e  t h e  
s t r i k e  l e n g t h  o f  t h e  Triassic l imes tone  sequences (Ludwig area) a t  t h e  
s o u t h  end;  t h e  J u r a s s i c  g r a n i t o i d  r o c k s  of the  Yerington b a t h o l i t h  (Ann 
Mason area) ;  and the  S i n g a t s e  Peak T e r t i a r y  i g n i m b r i t i c  t u f f s .  A t  t h e  
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nor thern  end ( i n  t h e  MacArthur area) a repeated s e c t i o n  of  the  g r a n i t o i d  
rocks was a l s o  t r ave r sed .  A t o t a l  o f  14 l lparenttt  rock types  was sampled - 
5 Triassic sediments ,  3 g r a n i t o i d  types ,  and 6 members of  t he  i g n i m b r i t i c  
sequence. In  a d d i t i o n ,  two sequences of  t lhydrothermally-altereda 
g r a n i t o i d s  were overflown. 
T h i s  paper deals i n i t i a l l y  w i t h  t h e  process ing  of  t h e  1986 data and 
then covers  some o f  t h e  geo log ica l  r e s u l t s  r e l a t i n g  t h e  a i rbo rne  data t o  
ground-measured VIRIS spectra taken from underneath the  f l i g h t  l i n e s .  
DATA QUALITY 
The 1986 AIS-2 data sets as  suppl ied  i n i t i a l l y  contained seve re  l i n e -  
dropouts  and ex tens ive  (llpepper and saltf1) randomly-placed (usua l ly  dark)  
anomalous s i n g l e  p i x e l s .  A l l  attempts t o  remove these p i x e l s  proved 
f r u i t l e s s .  We requested and rece ived  from NASA/ARC, a second a t tempt  a t  
decommutating t h e  master tape which was of d e c i d e l y  better q u a l i t y  (see 
Fig.  1). 
The imagery was st i l l  bad ly  s t r i p e d  ( v e r t i c a l l y )  and sof tware had t o  
be  developed (Tab le  1) t o  take care o f  these a r t i fac ts .  
Table 1 
SOFTWARE PROGRAMS - STANFORD 
INPUT : AIS32 Reads AIS-1 and AIS-2 tapes, d i s p l a y s  image data,  
writes 80-l ine d i s k  f i l e  (o f  channels  1-128; 76-117; 
or 97-128). 
PROCESSING: DEST32 Removes t h e  v e r t i c a l  s t r i p i n g  from an AIS image, 
fo rc ing  his togram f o r  each v e r t i c a l  l i n e  t o  be 
equal. 
DESPIKE Removes i s o l a t e d  bad p i x e l s  from an AIS image. 
Works i n  t h e  s p a t i a l  domain. Compares p i x e l  t o  its 
8 ne ighbors ,  replaces by average i f  o u t s i d e  
to l e rance  (gene ra l ly  30 D N ) .  
DESTAP Destripes a whole f l i g h t - l i n e ;  writes output  t o  a 
second tape. 
ANDY32 Appl ies  l l log-residual l l  c o r r e c t i o n  t o  an AIS image 
f i l e .  
ANDYTAP Same as ANDY32, but  b u i l d s  its averages  from 
readings  from t h e  f l i g h t - l i n e  data from tape. 
DISPLAY: MULTI32 Displays as many channels  as p o s s i b l e  of  an AIS 
f i l e ,  i n  monochrome. 
TVAIS32 Disp lays  a color-composite image o f  3 AIS channels ,  
and graphs  t h e  spectra o f  selected p i x e l s .  
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DATA PROCESSING 
Data Omission 
T h i s  y e a r  we elected o n l y  t o  p r o c e s s  t h e  2.2 micron r e g i o n  of t h e  
data (compare w i t h  Lyon, 19861, and f u r t h e r  t o  c o n c e n t r a t e  on ly  on t h o s e  
c h a n n e l s  (#76-117) w i t h  a high r a d i a n c e  l e v e l .  
We a l s o  de l e t ed  the  l a s t  11 c h a n n e l s  (#118-128) t o  avo id  p o s s i b l e  
t tsecond-ordertt  g r a t i n g  effects  (no ted  i n  AIS Workshop I1 Repor t ,  p. 7 ,  
f o o t n o t e  C). The remaining 42 channe l s  proved t o  be v e r y  u s e f u l  i n  data 
a n a l y s i s  and less n o i s y  t h a n  t h o s e  we had omi t t ed .  
Image E x t r a c t i o n  and Viewing 
With t he  adven t  o f  t h e  64-pixel  swath  o f  AIS-2, we had t o  change t h e  
dimension s t a t e m e n t  o f  o u r  s o f t w a r e  (Table 1 ) .  I n  a d d i t i o n ,  because o f  
t h e  s ize  o f  o u r  d i s p l a y  s c r e e n  (640 x 480 p i x e l s )  and w i t h  o u r  desire 
i n i t i a l l y  t o  view as many c h a n n e l s  o f  t h e  42 as p o s s i b l e ,  we a g a i n  
selected f o r  d i s p l a y ,  32 windows o f  80 f l i g h t - l i n e  segments.  
MULTI32 (Table 1 )  can be used t o  d i s p l a y  any 32 c o n t i n u o u s  c h a n n e l s  
a t  once f o r  these 80 f l i g h t - l i n e  segments ,  u s i n g  e i the r  raw, d e s t r i p e d ,  
d e s p i k e d ,  o r  l o g - r e s i d u a l  image data. 
TVAIS32 w i l l  u s e  any three c h a n n e l s  ( t h o s e  selected from the  MULTI32 
d i s p l a y  w i t h  maximum s p e c t r a l  c o n t r a s t )  and d i s p l a y  them (2X e n l a r g e d )  
s i d e  by s i d e ,  w i t h  t h e i r  color-composi te  image on t h e i r  l e f t  (F ig .  2A). A 
second a s p e c t  o f  TVAIS32 is the  g r a p h i c a l  mode. The 3-band c o l o r  image is  
r e t a i n e d ,  and the  three i n d i v i d u a l  monochrome images are s u p p r e s s e d ,  b e i n g  
r e p l a c e d  by a spec t rum ( o f  42 channel-elements)  drawn h o r i z o n t a l l y  a c r o s s  
t he  s c r e e n ,  t i e d  t o  t he  s p e c i f i c  2 x 2 p i x e l  area from which t h e i r  a v e r a g e  
g raph  was t aken .  T h i s  g r a p h i c a l  d i s p l a y  can be keyed t o  ground l o c a l i t i e s  
from which sample - spec t r a  have been t a k e n  ( F i g s .  2B,D), o r  o v e r l a i n  o n t o  
g e o l o g i c a l  maps, etc.  
Our s t r a t e g y  for f i e l d  c o r r e l a t i o n  u s i n g  t h e  AIS imagery is based on 
the  need t o  l o c a t e  on t h e  ground t h e s e  s p e c i f i c  p i x e l s  whose g r a p h s  show 
s i g n i f i c a n t  m i n e r a l  in format ion .  While t h e  80 l i n e s  by 64 p i x e l  segments 
may seem small, they  cove r  1.6 x 1.3 Km a t  a 20 m p i x e l  s ize .  
Image R e s t r i p i n g  
Seve re  v e r t i c a l  s t r i p i n g  was obv ious  i n  t h e  raw imagery. The program 
DEST32 removed most o f  t h i s  by f o r c i n g  the  h i s t o g r a m  o f  each column o f  
p i x e l s  t o  be e q u a l .  Some i n t e r m i t t e n t l y  ( v e r t i c a l )  n o i s y  columns s t i l l  
r e t a i n e d  t h e i r  bad data even a f te r  t h i s  a c t i o n  (no ted  e s p e c i a l l y  i n  
channe l  97 (see F i g s .  l C , D ) .  
Image D e s p i k i q  
The program DESPIKE o p e r a t e s  on a 3 x 3 matrix i n  t h e  s p a t i a l  domain, 
and examines t h e  c e n t r a l  p i x e l  D N ,  by comparing i t  t o  t h a t  o f  i t s  eight  
ne ighbors .  I f  t h e  c e n t e r  p i x e l  h a s  a DN v a l u e  d i f f e r i n g  from the  8 - p i x e l  
mean, o v e r  a " t o l e r a n c e t t  o f  30 DN,  i t  is r e p l a c e d  by t h a t  a v e r a g e ,  and t h e  
k e r n e l  moves forward.  A l l  42 c h a n n e l s  are so  p rocessed .  The t o l e r a n c e ,  
however, canno t  be made t o o  small as i t  would soon g i v e  t h e  k e r n e l  t he  
effect  o f  a 3 x 3 smoother.  A s  t h e  random s p i k e s  have non-zero DN w i t h  a 
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clear d i s t r i b u t i o n  i n  g r e y n e s s ,  some llnoisell  is l e f t  i n  t h e  data,  i f  i t  is 
w i t h i n  the  30 DN t o l e r a n c e .  
T h i s  problem is  markedly enhanced by t h e  " log  r e s i d u a l "  p r o c e s s i n g  
and leads t o  s i g n i f i c a n t  l e v e l s  o f  n o i s e  i n  t h a t  f i n a l  p r o d u c t  
( F i g s .  l E , F ) .  
Log-Residual P r o c e s s i n g  
T h i s  a l g o r i t h m  h a s  been borrowed from D r .  A.  A. Green, CSIRO, 
A u s t r a l i a ,  b u t  we have modif ied i t  s l i g h t l y  from its o r i g i n a l  e x p r e s s i o n  
(Green and Craig, 1985).  Both t h e s e ' f o r m u l a t i o n s  a l s o  d i f f e r  from a la te r  
"JPL l o g - r e s i d u a l v 1  which a p p e a r s  on ly  t o  use  t h e  first two items ( A , B ) ,  o f  
e q u a t i o n  4. The l l o f f s e t l l  term ( D )  is probably used i n  all three forms i n  
a c t u a l  u t i l i z a t i o n  by man ipu la t ion  o f  t he  d i s p l a y  system. 
Our v e r s i o n  o f  t h i s  s t a t i s t i c a l l y - b a s e d  method ( R o b e r t s ,  e t . a l . ,  
1986, p. 22) u s e s  t h e  r e l a t i o n s h i p  
5, = TsRs,XEA DN 
where DN = r a d i a n c e  , o r  t he  DN o f  each channe l  ( A  1 f o r  each s p a t i a l  
i n  t he  data; Ts = a topographic factor  for  slope o r i e n t a t i o n  p i x e l  
e f fec ts ;  R is  t h e  d e s i r e d  l l r e f l e c t a n c e l l  f o r  each channe l  a t  each s p a t i a l  
S 
p i x e l ,  and E X  is a measure o f  t h e  a v e r a g e  i r r a d i a n c e .  
s,X 
(SI 
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l1TOP0GRAPHIC1' term Ts - -  1 l o g  ( D N S I X )  
128 1 
N 
i n  t h e  s p a t i a l  domain 
1 l l I R R A D I A N C E 1 l  term E = - E l o g  ( D N  
N 1 s,X 
( 2 )  
( 3 )  
i n  t h e  s p a t i a l  and spectral  domain f o r  each X 
Equat ion ( 1 )  i n  a l o g a r i t h m i c  form, can be r e a r r a n g e d  as  fo l lows :  
T h i s  a l s o  can be though t  o f  a s  
Output spectrum = raw spec t rum - a v e r a g e  spec t rum - p i x e l  
b r i g h t n e s s  + image b r i g h t n e s s  
where a l l  are i n  l o g a r i t h m i c  form (see Fig .  4 ) .  
RESULTS 
Anhydri te  (gypsum) 
AIS-2 Run 604 a t  l i n e s  650-730 c r o s s e d  o v e r  the Ludwig open p i t  i n  
t h e  Triassic a n h y d r i t e  (gypsum) beds.  The open area o f  t h e  p i t ,  together 
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w i t h  t h e  (wh i t e )  s p o i l  dumps gave a r e l a t i v e l y  p u r e ,  large target f o r  
a n a l y s i s ,  c o v e r i n g  two p a t c h e s  abou t  15 x 15 p i x e l s  each.  
F i g u r e s  1A-F show t h e  s e v e r a l  s t e p s  of  t h e  p r o c e s s i n g  and a n a l y s i s .  
F i g u r e s  1A,B are a p o r t i o n  o f  t h e  RAW d a t a  s e e n  i n  a MULTI32 p r e s e n t a t i o n .  
F i g u r e s  1C , D  r e p r e s e n t  t h e  same data a f t e r  vlcleaning-upll w i t h  DEST32 and 
DESPIKE o p e r a t i o n s .  F i g u r e s  1E,F show the r e s u l t  o f  t h e  ANDY32 log -  
r e s i d u a l  p r o c e s s ,  now r e v e a l i n g  the two d a r k  p a t c h e s  (between the  l e t t e r s  
A , B , C )  i n  c h a n n e l s  76, 77,  and 78 co r re spond ing  t o  t h e  low r e f l e c t a n c e  o f  
gypsum i n  t h o s e  wavelengths  (1945, 1956, 1966 um). F i g u r e s  2A,B complete  
t he  a n a l y s i s  w i t h  a g r a p h i c a l  p r e s e n t a t i o n  o f  selected 2 x 2 p i x e l  areas 
emphasizing t h i s  lowered r e f l e c t a n c e .  A second broad low a p p e a r s  c e n t e r e d  
a t  channe l  100 (2200 um). 
F i g u r e  2B shou ld  be cokpared wi th  F i g s .  5 B  and 6B, b o t h  showing 
ground s p e c t r a  o f  the  p i t  area t a k e n  w i t h  t he  GER VIRIS f i e l d  g r a t i n g  
s p e c t r o m e t e r .  Only the  area o f  t h e  spectrum from 1945 t o  2380 um is  used 
by c h a n n e l s  76-117 of AIS-2. T h i s  area is  s t i p p l e d  on F ig .  5 B  and 
e n l a r g e d  t o  cove r  a l l  o f  F ig .  6B, so  t h a t  a d i r e c t  comparison may be made 
between t h e  AIS-2 ttresidual-reflectancelf and the  ground e q u i v a l e n t .  The 
second broad low a p p e a r s  a t  2220 um i n  t he  ground spectrum (F ig .  6B). 
Limestone 
AIS-2 Run 602 l i n e s  100-180 passed d i r e c t l y  a l o n g  t h e  s t r i k e  l e n g t h  
of the  Mason Va l l ey  l i m e s t o n e ,  a s t e e p l y - d i p p i n g  fo rma t ion  on t h e  west 
f l a n k  of the  v e r t i c a l l y - p l u n g i n g  Ludwig a n t i c l i n e .  I n  o u r  f i e l d  s p e c t r a l  
work we have no ted  tha t  on many l i m e s t o n e  o u t c r o p s  t h e  s u r f a c e s  do n o t  
show ll l imestonevl (ca lc i te )  s p e c t r a ,  b u t  these are rather more c l a y - l i k e .  
F i g u r e s  5F and 6F are examples o f  t h i s  and show 0-H abso rbance  more 
t y p i c a l  o f  a mixed-layer i l l i t e - c h l o r i t e  phase.  Other s p e c t r a  show a 
m o n t m o r i l l o n i t e  c l a y  t o  be t h e  surface composi t ion.  T h i s  is p robab ly  
r e s i d u a l  c l a y  from d i s s o l u t i o n  o f  t he  l i m e s t o n e ,  o r  llmudvv from summer 
thunde r  s to rms .  
F i g u r e  2C shows the  l o g - r e s i d u a l  r e s u l t s  u s i n g  MULTI32 w i t h  
a b s o r p t i o n s  (b l ack )  a t  c h a n n e l s  107-112 (2275-2329 um), much s h o r t e r  t h a n  
channe l  173-174 t y p i c a l  of calci te .  T h i s  may ref lect  more of a magnesian- 
r i c h  c a r b o n a t e  ( d o l o m i t e ) ,  a l t h o u g h  t h e  ground VIRIS spectra o f  F i g .  6D 
show t h e  t y p i c a l  v e r y  s h a r p  peak a t  2339 um (channe l  113) o f  ca lc i te .  
Hydrothermal A l t e r a t i o n  
AIS-2 Run 604 a t  l i n e s  1310-1390 c r o s s e s  a lmos t  a t  r i g h t  a n g l e s  o v e r  
t h e  t h i n ,  WNW-trending zones o f  h y d r o t h e r m a l l y - a l t e r e d  q u a r t z  monzonite of 
t h e  Yerington b a t h o l i t h ,  immediately s o u t h  o f  the  creek bed a l o n g  which 
r u n s  t h e  E-W Mickey P a s s  road.  T h i s  area is  called Ann Mason. (The same 
run  a t  i ts  n o r t h e r n  end a l s o  p a s s e s  o v e r  t h e  MacArthur zone o f  comparable 
m i n e r a l i z a t i o n ) .  
F i g u r e s  3A,B show the  l o g - r e s i d u a l  d i s p l a y e d  w i t h  MULTI32, w i t h  a 
darkened s t r i p  ( i n  t h e  lower h a l f  of each image) i n  c h a n n e l s  97-101 (2169- 
2211 um), w i t h  a secondary da rken ing  of c h a n n e l s  109-115 (2300-2360 um). 
Ser ic i te  is a major component o f  t h i s  a l t e r a t i o n  a t  t h i s  s i t e  (Dil les ,  
1983) and o u r  f i e l d  VIRIS s p e c t r a  show a minimum a t  2204 ( c h a n n e l  100) and 
a n o t h e r  a t  2355 um (channe l  114, Fig.  6E). A l u n i t e  ( F i g .  6A) wi th  a 
minimum a t  2173 ( channe l  97) would be a better match w i t h  t h e  AIS-2 data 
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(channel 97-101) but  is  unknown from any ground samples wi th in  s e v e r a l  
miles of  t h i s  l o c a l i t y .  
AIS-2 Run 604 a t  l i n e s  1225-1305 shows the  t o t a l  absence of  any 0-H 
i n  t h e  log - re s idua l s  d i sp l ay  (Fig.  3 C )  us ing MULTI32. This  is i n  
agreement w i t h  f i e l d  observa t ions  and is confirmed a l s o  by a lack of  
abso rp t ions  i n  t h e  2.2 um channel of  t h e  NS 001 TMS scanner ,  flown 
concurren t ly  w i t h  t he  AIS-2. 
CONCLUSIONS 
1. AIS-2 h a s  severe  v e r t i c a l  s t r i p i n g  but  t h i s  can be removed by 
histogram-matching, column by column. 
2. AIS-2 shows random low-valued ( b u t  non-zero) p i x e l s ,  g e n e r a l l y  
loca ted  i n  t h e  darker (lower rad iance)  areas. Some 1-2% are b r igh te r  than 
average ( b u t  are not  255 D N ) .  Most o f  these can be removed by a 3 x 3 
( s p a t i a l )  mean-matching k e r n e l ,  w i t h  a llreplacementll t o l e r a n c e  of  30 DN. 
3. AIS-2 can be d i r e c t l y  related t o  ground-acquired VIRIS s p e c t r a ,  i f  
t h e  "outcrop11 shows a s i g n i f i c a n t  percentage of (lllag") rock fragments,  o r  
has been bulldozed clear o f  surface d e b r i s .  Fine d u s t - s i l t  between (and 
unde r )  t h e  surface fragments inva r i ab ly  has a V I R I S  spectrum of a 
montmori l loni te  c l ay .  Some mixed-layer ( l l i l l i t e s l l )  show a l s o  i n  t h i s  f i n e  
material. 
4. S i g n i f i c a n t l y ,  AIS-2 f l i g h t  data from over  rocks  known t o  show no 0-H 
i n  surface V I R I S  s p e c t r a ,  do not  show any AIS-2 minima a t t r i b u t a b l e  t o  
0-H. T h i s  was not  so  clear i n  t h e  1985 AIS-1 data due t o  a h igher  no i se  
component (see Fig.  3D). 
5. Direct conf i rmat ion  of dolomi t ic  l imestone outcrops  w i t h  
ca l c i t e /do lomi te  s p e c t r a  from t h e  AIS-2 data (Mason Va l l ey  l imestone)  is 
occas iona l ly  p o s s i b l e  (F ig .  3A,B). 
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Figure 1. 64 p i x e l  x 80 l i n e  f l i g h t  s egmen t s ,  Run 604 l i n e s  650-730, 29 
September 1986. 32 c o n t i g u o u s  c h a n n e l s  ( f rom f76-117) may be viewed u s i n g  
MULTI32. A. Raw AIS-2 d a t a ,  2nd decom.; B. 2X mag.; C. D e s t r i p e d  and 
d e s p i k e d ;  D. 2X mag.; E. L o g - r e s i d u a l  " r e f l e c t a n c e " ;  and F. 2X mag. 
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Figure. 2. Run 604, l i n e s  650-730. TVAIS32 d i s p l a y  o f  64 x 80 f l i g h t  
segments .  A. ( l e f t )  B/W view of c o l o r  compos i t e .  Three monochromes t o  
r i g h t  are CH 77,85,111. Selected t o  show max. s p e c t r a l  c o n t r a s t .  B. Same 
data ( l e f t )  B/W view of c o l o r  composi te .  S p e c t r a  ( o f  42 c h a n n e l s )  keyed 
t o  s p e c i f i c  p i x e l  s i tes .  Note s t e e p  r ise  (G) a t  CH 76-79 t y p i c a l  o f  
gypsum. Broad v t v a l l e y v t  a t  2201 um is a l s o  gypsum. C. MULTI32 d i s p l a y ,  
Run 602, l i n e s  100-180, o v e r  l i m e s t o n e .  Note b lack  areas i n  CH 106-111 
( C )  and major  a b s o r p t i o n s  a t  2275,2307 (D). 
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Figure 3. A. MULTI32 display, Run 604, lines 1310-1390, over area (Ann 
Mason) of typical sericitic alteration (lower half, oblique strip). Dark 
channels are 97-102, and 108-115. B. Graphs show CH 99, 2190 um minima. 
C. Similar display, Run 604, lines 1225-1305, same rock type but without 
significant sericite alteration on ground examination. D. 1985 AIS-1 
graphical display of an area close to A,B above. Note high noise content 
(128 channels). 
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Figure 4. Diagrammatic representation of the log-residual "reflectancet1 
processing. 
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Figure 5. VIRIS ground spec t ra ,  f u l l  spectrum 400-2500 urn. A. Goldfield, 
Nevada, a l u n i t e ;  B. Yerington (Ludwig) gypsum; C. Hannapah, Nevada, 
montmorillonite; D. Ludwig limestone; E. Ann Mason s e r i c i t e ;  F. Natural 
surface of  Ludwig limestone - note 0-H features .  
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Figure 6.  V I R I S  ground spectra ,  portion equivalent t o  CH 76-117 of AIS-2 
(1950-2390 urn). A. Alunite; B. Gypsum; C. Mont-morillonite; D. Fractured 
surface limestone; E. S e r i c i t e ;  F. Natural surface of limestone. 
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